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and	all	 the	endemic	genera	 formed	monophyletic	clades,	namely	Azorina	 in	Azores;	






Campanulaceae	when	compared	 to	 the	close	mainland	 taxa	 (e.g.,	Campanula erinus,	
Trachelium caeruleum),	 but	 additional	 studies	 are	 needed	 to	 support	 the	molecular	
data.	This	study	highlights	 the	power	of	combining	data	 (e.g.,	phylogeny	and	diver-
gence	 times,	 with	 species	 distribution	 data)	 for	 testing	 diversification	 hypotheses	
within	the	unique	Macaronesian	flora,	providing	useful	information	for	future	conser-
vation	efforts.
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colonization	 and	 diversification	 (Parent,	 Caccone,	 &	 Patren,	 2008).	
The	Macaronesian	 archipelagos	 (i.e.,	Azores;	Madeira	 incl.	 Selvages;	
Canaries	and	Cape	Verde)	occupy	a	unique	position	in	the	history	of	
evolutionary	studies,	due	to	its	importance	as	a	past	and	present	con-




Macaronesia	 displays	 a	 high	degree	of	 plant	 endemicity	 (Carine,	
Santos	 Guerra,	 Guma,	 &	 Reyes-	Betancort,	 2010;	 Caujape-	Castells	
et	al.,	 2010;	Cosner,	Raubeson,	&	Jansen,	 2004),	 related	 to	 its	 geo-
graphic	location	(and	variable	isolation),	geological	origin,	and	climatic	
history	 (Jardim	 &	 Menezes	 de	 Sequeira,	 2008).	 Although	 most	 of	
the	phylogenetic	 studies	have	been	 focused	on	single	 lineages	with	
emphasis	 on	 Canaries,	which	 displays	 ca.	 one-	third	 of	 the	 endemic	
















others,	such	as	Lammers	 (1998)	and	Brummitt	 (2007),	 treat	the	five	
families	 as	 subfamilies,	 namely	 (1)	 Lobelioideae	Burnett,	 the	 largest	
subfamily,	 comprising	 ca.	1,200	 species,	 half	 of	which	 are	 native	 to	
South	America;	 (2)	Campanuloideae	Burnett,	with	 ca.	1,000	 species	
distributed	worldwide,	with	a	center	of	diversity	in	the	Holarctic,	 in-
cluding	 the	 Macaronesian	 Islands;	 (3)	 Cyphioideae	 (A.	 DC.)	 Walp.	







is	a	monospecific	genus	 (Azorina vidalii	 [H.C.	Watson]	Feer)	endemic	
from	the	Azores	and	Musschia	Dumort.	is	endemic	from	the	Madeira	
archipelago,	 with	 three	 recognized	 species:	 M. aurea	 (L.f.)	 Dumort.;	










lobelioides	 is	 endemic	 in	 three	Macaronesian	 archipelagos:	 Madeira	
(Menezes	de	Sequeira	et	al.,	2012),	Canaries	(Ginovés	et	al.,	2005),	and	
Cape	Verde	 (Sánchez-	Pinto	 et	al.,	 2005).	Moreover,	 in	Macaronesia	
there	are	several	other	native	(although	nonendemic),	and	non-	native	
(fully	 naturalized	 or	 casual	 species)	 with	 uncertain	 status	 (Ginovés	
et	al.,	 2005;	Menezes	de	Sequeira	et	al.,	 2012;	 Sánchez-	Pinto	et	al.,	
2005;	Silva,	Moura,	Schaefer,	Rumsey,	&	Dias,	2010),	requiring	a	more	
detailed	taxonomic	and	molecular	studies	in	this	region,	as	the	case	of	
Campanula erinus	L.,	Lobelia urens	L.	and	Trachelium caeruleum	L.	(see	
Figure	1),	the	last	one	with	doubtful	status	for	the	Azores	archipelago	
(Silva	et	al.,	2010).










Campanuloideae,	 namely	 the	 chloroplast	markers	 atpB,	matK,	 petD,	
rbcL,	and	trnL-F	and	the	nuclear	region	ITS.	However,	the	authors	con-
cluded	that	ITS	was	inefficient	on	Campanuloideae	due	to	difficulties	





To	 date,	 only	 some	 of	 the	 native	Macaronesian	 Campanulaceae	
species	 have	 been	 included	 in	 these	 phylogenetic	 studies,	 and	 the	



















et	al.	 (2015),	 who	 suggested	 that	 for	 C. canariensis,	 which	 is	 wide-
spread	 across	 several	 Canary	 Islands,	 the	 ocean	 is	 apparently	 less	







recent	 study	 conducted	 by	 García-	Aloy	 et	al.	 (2017)	 proposed	 the	
Northwest	Africa	as	a	hub	of	diversification	in	Mediterranean	plants	
and	 their	 biogeographic	 analyses	 suggested	 that	 the	most	basal	 di-
vergence	 events	 within	 Azorina	 group	 involved	 northwest	 Africa	
as	 the	 ancestral	 area,	 and	 date	 back	 to	 the	 Late	Miocene-	Pliocene	
(ca.	8.7–13.3	Mya).
There	is	still,	however,	an	important	gap	related	to	the	phy-
logenetic	 knowledge	of	 the	Macaronesian	 lineages,	namely	 re-
lated	 to	 the	endemic	Musschia	 species	 in	Madeira	archipelago,	
where	only	a	few	individuals	of	M. aurea and M. wollastonii have 
been	 included	 in	 molecular	 studies,	 leaving	 out	 M. isambertoi. 














F IGURE  1 Distribution	of	the	target	species	in	Macaronesia.	Plants	pictures	are	as	follows:	(A)	Azorina vidalii;	(B)	Campanula erinus; 
(C)	Trachelium caeruleum;	(D)	Lobelia urens;	(E)	Musschia aurea;	(F)	M. wollastonii;	(G)	M. isambertoi;	(H)	Wahlenbergia lobelioides	subsp.	lobelioides; 
(I)	C. bravensis;	(J)	C. jacobaea

















Grande	 and	 four	 Cape	 Verde	 islands,	 and	 complemented	 by	 exist-





Sequeira	 et	al.,	 2012;	 Sánchez-	Pinto	 et	al.,	 2005;	 Silva	 et	al.,	 2010).	
The	 suspicious	 individuals	 of	Musschia angustifolia,	 as	 well	 as	 sam-
ples	from	the	new	Campanula	species	described	for	Santo	Antão	(i.e.,	
C. feijoana and C. hortelensis)	were	also	included	and	listed	on	Table	1.	
Some	 Macaronesian	 Campanulaceae	 sequence	 data	 available	 on	
GenBank	 (http://www.ncbi.nlm.nih.gov/genbank)	were	also	used	on	
this	study	(see	Table	S1).







Six	 chloroplast	 (cpDNA)	 regions	 were	 amplified:	 atpB,	 matK,	
petD,	rbcL,	trnL-F	(Crowl	et	al.,	2014)	and	psbA-trnH	(Kress,	Wurdack,	
Zimmer,	Weigt,	 &	 Janzen,	 2005);	 and	 one	 nuclear	 region	 (ITS)	with	
the	primers	of	Douzery	et	al.	(1999).	All	products	with	the	exception	
of	 primers,	DNA,	 and	pure	water	were	 provided	by	Biotaq	PCR	Kit	



















Analyses	 were	 conducted	 separately	 for	 each	 marker	 (ITS,	
atpB,	matK,	psbA-trnH,	petD,	 rbcL,	 and	 trnL-F)	 and	combined	 (all	
six	 chloroplast	 regions	 or	 all	 seven	 nuclear	 and	 plastidial	 loci).	
Several	Cyphia	P.J.	Bergius	species	were	used	as	out-	group,	such	
as	C. elata	Harv.,	C. comptonii	Bond,	C. decora	Thulin,	C. rogersii	S.	
Moore,	and	C. tysonii	E.	Phillips	(Crowl	et	al.,	2014).	The	obtained	
tree	 topology	 for	 each	 marker	 was	 then	 compared	 in	 order	 to	
detect	discrepancies.
Maximum-	parsimony	 (MP)	 analysis	 were	 conducted	 in	 PAUP*	
ver.	4.0	beta	10	(Swofford,	2003).	The	analysis	used	1,000	heuristic	





















convergence	 between	 the	 runs	 and	 determine	 the	 burn-	in.	After	




The	NeighborNet	 algorithm	 (Bryant	&	Mouton,	 2004)	 as	 imple-
mented	in	SplitsTree	v4.0	(Huson	&	Bryant,	2006)	was	used	with	the	





Levels	 of	 variation	 of	 target	 species	 were	 determined	 for	 each	
Macaronesian	 region,	 and	 statistical	 parsimony	 networks	 (Templeton,	
Crandall,	&	Sing,	1992)	were	produced	with	PopART	ver.	1.7	using	the	











MA SM TE GR PI FA SJ FL CO
Azorina vidalii	(H.	C.	
Watson)	Feer
EN END ● ● ● ○ ● ● ○ ○ ○
Campanula erinus	L. NE NZ ● ● ● ○ ○ ○ ○ ○ ○
Lobelia urens	L. NE NZ? ● ○ ○
Trachelium caeruleum	L. NE NZ? ● ○ ○ ○
Taxa IUCN Status
Madeira
MD PS DE SL
Campanula erinus	L. NE NT ● ● ○  
Lobelia urens	L. NE NT ●    
Musschia aurea	(L.	f.)	
Dumort.d
LC END ●  ●  
Musschia isambertoi M. 
Seq.	et	al.
NE END   ●  
Musschia wollastonii	Lowe EN END ●    
Trachelium caeruleum	L. NE I ●    
Wahlenbergia lobelioides	(L.	
f.)	Link	subsp.	lobelioides
NE NT ● ● ○ ○
Taxa IUCN Status
Canary Islands
L F C T G P H
Campanula erinus	L. NE NT? ○ ○ ○ ● ○ ● ●
Wahlenbergia lobelioides	(L.	
f.)	Link	subsp.	lobelioides
NE NT ● ○ ○ ○ ○ ○ ○
Taxa IUCN Status
Cape Verde
A V N L S B M ST F BR
Campanula jacobaea	C.	Sm.	
ex	Webbe
NE END ● ● ●     ● ○ ○
Campanula bravensis 
(Bolle)	A.	Chev.
NE END        ○ ● ●
Wahlenbergia lobelioides	(L.	
f.)	Link	subsp.	lobelioides







eIndividuals	of	C. jacobaea	collected	from	Santo	Antão	correspond	to	C. feijoana and C. hortelensis.
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2.5 | Divergence time estimation
Divergence	 times	within	 the	Campanulaceae	 family	were	estimated	
using	 the	Bayesian	MCMC	algorithm	 implemented	 in	BEAST	v2.4.6	
(Drummond,	 Suchard,	 Xie,	 &	 Rambaut,	 2012).	 For	 this	 analysis,	we	
used	 the	 combination	 of	 the	 ITS	 and	 three	 cpDNA	markers	 (matK,	
rbcL,	 and	 petD),	 and	 The	GTR	model	 of	 sequence	 substitution	was	
used	for	the	dataset.	To	calibrate	our	phylogenetic	tree,	we	used	fossil	
TABLE  2 DNA	collection	codes	and	localities	for	the	populations	used	on	this	study
Taxa Herbariuma DNA codes Locality Collector
Azorina vidalii AZB AV-	SMSV-	04 Azores,	São	Miguel,	São	Vicente Tiago	Menezes
AZB AV-	SMMO-	06 Azores,	São	Miguel,	Mosteiros Tiago	Menezes
AZB AV-	MAPC-	01 Azores,	Santa	Maria,	Ponta	do	Castelo Tiago	Menezes
AZB AV-	TEPM-	01 Azores,	Terceira,	Porto	Martins Tiago	Menezes
AZB AV-	TEPJ-	04 Azores,	Terceira,	Porto	Judeu Tiago	Menezes
AZB AV-	FAJB-	02 Azores,	Faial,	Jardim	Botânico Tiago	Menezes
AZB AV-	PIAM-	02 Azores,	Pico,	Santo	Amaro Tiago	Menezes
AZB AV-	PIBR-	05 Azores,	Pico,	Baixa	da	Ribeirinha Tiago	Menezes




LISC 537 Cape	Verde,	Brava,	Cruz	da	Fajã John	Tennent	&	Peter	Russell
LISC 5816 Cape	Verde,	Brava,	Cruz	da	Fajã John	Tennent	&	Peter	Russell
Campanula erinus AZU 5084 Azores,	Santa	Maria,	Praia	Formosa Luís	Nunes
AZB CE-	SMIP-	01 Azores,	São	Miguel,	Paim Tiago	Menezes
AZB CE-	SMCO-	01 Azores,	São	Miguel,	Conceição Tiago	Menezes










Campanula erinus	(Cont.) ORT 13035 Canary	Islands,	Tenerife,	Masca —
ORT 13039 Canary	Islands,	Tenerife,	Los	Silos —
ORT 3462 Canary	Islands,	La	Palma,	Sta.	Cecilia —
ORT 30583 Canary	Islands,	La	Palma,	Tijarate —
ORT 17168 Canary	Islands,	El	Hierro,	El	Golfo —













LISC 1076 Cape	Verde,	Santo	Antão,	Cova M.	Romeiras	&	M.	Carine
LISC 1095 Cape	Verde,	Santo	Antão,	Maroços M.	Romeiras	&	M.	Carine
Lobelia urens AZB LU-	MDGL-	02 Madeira,	Madeira	Island,	Ginjas M.	Sequeira,	A.	Sequeira	&	P.	
Sequeira
AZB LU-	MDFA-	01 Madeira,	Madeira	Island,	Fanal M.	Sequeira,	A.	Sequeira	&	P.	
Sequeira
(Continues)
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seeds	identified	as	Campanula sp. and Campanula paleopyramidalis	dat-
ing	from	the	Miocene	(ca.	17–16	Mya;	Lancucka-	Srodoniowa,	1977,	
1979)	and	applied	to	the	node	representing	the	last	common	ancestor	








To	obtain	more	accurate	divergence	 times	 for	Macaronesian	 lin-
eages,	we	 used	 the	 coalescent	 species	 tree	method	 StarBEAST2	 in	
BEAST	 v2.4.6	 (Drummond	 et	al.,	 2012).	 These	 analyses	 were	 con-
ducted	for	(1)	Azorina,	C. jacobaea and C. bravensis,	 (2)	Musschia,	and	
(3)	W. lobelioides	subsp.	 lobelioides.	We	used	two	combination	of	the	
ITS	 and	 four	 cpDNA	markers	 (matK,	 rbcL,	 trnL-F and petD)	 and	The	
GTR	model	 of	 sequence	 substitution	was	 used	 for	 all	 partitions.	To	
calibrate	the	phylogenetic	trees,	we	used	the	following	secondary	cal-
ibrations	obtained	 in	 the	 first	BEAST	analysis,	described	on	Table	3:	
for	Azorina	and	Cape	Verde	Campanula	were	used	the	nodes	C1	and	
C2;	for	Musschia	were	used	the	nodes	C7,	C8,	and	C9;	and	for	W. lo-








estimating	 the	 effective	 sample	 size	 (ESS)	 of	 each	 parameter.	 The	
ESS	values	were	high	for	all	the	analyses,	except	for	Wahlenbergia al-
though	 the	 topology	 is	 in	agreement	with	 the	phylogenetic	 analysis	
and	 BEAST	 estimates.	 Results	 from	 the	 three	 runs	were	 combined	
with	 LogCombiner	 v2.4.6	 (Drummond	 et	al.,	 2012),	 after	 discard-
ing	 the	 10	 first	%	 of	 each	 analysis	 as	 burn-	in.	 The	 remaining	 trees	
Taxa Herbariuma DNA codes Locality Collector
Musschia aurea AZB MU-	MDGA-	07 Madeira,	Madeira	Island,	Garajau M.	Sequeira	&	C.	Marques
AZB MU-	MDGA-	18 Madeira,	Madeira	Island,	Garajau M.	Sequeira	&	C.	Marques
AZB MU-	DEDG-	01 Madeira,	Desertas,	Deserta	Grande M.	Sequeira	&	C.	Marques







Musschia isambertoi AZB MI-	DEDG-	01 Madeira,	Desertas,	Deserta	Grande M.	Sequeira






Trachelium caeruleum AZB TC-	MDFU-	01 Madeira,	Madeira	Island,	Funchal,	
Alegria
M.	Sequeira
AZB TC-	SMAP-	01 Azores,	São	Miguel,	Água	de	Pau Tiago	Menezes
AZB TC-	SMFO-	01 Azores,	São	Miguel,	Porto	Formoso Tiago	Menezes
Wahlenbergia lobelioides 
subsp.	lobelioides
AZB WL-	PSCI-	01 Madeira,	Porto	Santo,	Ilhéu	de	Cima M.	Sequeira	&	R.	Jardim
AZB WL-	MDRB-	02 Madeira,	Madeira	Island,	Ribeira	Brava M.	Sequeira
AZB WL-	PSPF-	03 Madeira,	Porto	Santo,	Pico	Facho M.	Sequeira	&	R.	Jardim
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were	 summarized	 using	 a	 maximum-	clade-	credibility	 target	 tree	 in	
TreeAnnotator	 v2.4.6	 (Drummond	 et	al.,	 2012),	 as	well	 as	 Bayesian	
PP,	MEDIAN/MEAN	 height,	 and	 the	 95%	 highest	 posterior	 density	
heights	interval	(95%	HPD)	of	each	node.	All	computational	analyses	




Parsimony	 analysis	 of	 the	 concatenated	 data	matrix	 generated	was	
rooted	with	Cyphia	spp.	for	the	seven	markers	used	in	this	study:	the	
ITS	and	the	chloroplast	markers	matK,	 rbcL,	psbA-trnH,	 trnL-F,	petD,	
and atpB	 (parameters	 of	 the	 best	 parsimonious	 trees	 are	 described	
on	Table	S3).
Topological	discrepancies	between	the	nuclear	and	cp	data	were	
obtained	 resulting	 in	 a	 concatenated	 ITS+cp	 tree	 less	 resolved	 (see	
Supporting	Information	for	trees	obtained	for	each	cp	marker	and	for	
the	ITS+cp	matrix).








distinction	 among	 described	 taxa,	 several	 geographically	 distinct	
clades	were	 obtained	with	 the	 cp	 dataset	 (Figure	3)	 for	 Fogo,	 São	
Nicolau,	Brava,	and	also	for	Santiago	with	the	ITS+cp	dataset	(Fig.	S1).	
Furthermore,	the	clade	composed	by	the	Cape	Verde	Campanula en-
demic	species	plus	Campanula mollis,	C. edulis,	and	Feeria angustifolia 
is	sister	to	the	A. vidalii	clade	and	is	well	supported	on	the	ITS	tree	and	
on	the	combined	cp	tree	but	without	F. angustifolia	(Figures	2	and	3).
Campanula erinus	 resulted	 in	 a	 monophyletic	 clade.	 The	
Macaronesian	 accessions	 were	 distinct	 from	 South	 Europe,	 form-
ing	a	medium-	supported	clade	on	the	combined	cp	tree	 (ML	=	78%,	
MP	=	95%,	 PP	=	0.84;	 Figure	3)	 and	 on	 the	 ITS+cp	 tree	 (Fig.	 S1).	
A	 well-	supported	 clade	 was	 obtained	 on	 the	 ITS	 tree	 (ML	=	90%,	
MP	=	88%,	PP	=	1;	Figure	2),	separating	S.	Miguel	and	Madeira	from	
the	remaining	Macaronesian	accessions.
Trachelium caeruleum,	 considered	 to	be	 an	 introduced	 species	 in	
Madeira	 and	Azores,	 grouped	 as	monophyletic	with	 strong	 support	
on	all	analyses,	showing	a	distinctiveness	of	the	Azorean	accessions	




The Musschia	 clade,	 composed	 by	 M. wollastonii,	 M. isambertoi,	
and M. aurea,	 is	well	supported	(ML	=	93/100%,	MP	=	100%,	PP	=	1;	
Figures	2	 and	 3),	 and	 each	 species	 is	monophyletic.	Musschia aurea 














C1 Azorina	and	Cape	Verde	Campanula	group 17.91 25.37 11.38
C2 Cape	Verde	Campanula 13.24 19.34 7.81
C3 Campanula bravensis and C. jacobaea 1.06 2.39 0.12




C6 Campanula	group	and	Trachelium 45.43 58.46 32.45
C7 Musschia clade and Campanula peregrine/C. 
lactiflora clade
16.02 25.21 7.8
C8 Campanula peregrina and C. lactiflora 11.64 19.51 4.73
C9 Musschia clade 5.0 8.77 1.94
C10 Wahlenbergia lobelioides	subsp.	lobelioides 
and W. hederacea
31.38 46.49 16.55
C11 Wahlenbergia lobelioides	subsp.	lobelioides 
clade
2.27 4.16 0.79
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Regarding	 the	 habit	 and	 habitat	 of	 Musschia	 (Figure	7),	 M. wol-




The	 haplotype	 network	 for	 W. lobelioides	 subsp. lobelioides 




Date	 estimates	 for	 nodes	 within	 the	 Campanulaceae	 family	 in	
Macaronesia	are	presented	 in	Figure	8	 (see	C1	to	C9,	Table	3).	Our	
analysis	indicates	that	the	Azorina	must	have	diverged	from	Campanula 
group	composed	by	 the	Cape	Verde	endemics	and	 their	 sister	 spe-
cies	C. mollis,	C. edulis and F. angustifolia	(A1;	Figure	9,	Table	4)	around	
12.34	Mya.	 Within	 this	 group,	 the	 divergence	 between	 the	 Cape	
Verde	Campanula	and	their	sister	species	(C2,	Figure	8,	Table	3)	was	
estimated	to	have	occurred	at	9.56	Mya	(A2;	Figure	9,	Table	4).	The	
split	between	C. bravensis and C. jacobaea	(C3;	Figure	8,	Table	3)	may	
have	occurred	 recently,	 in	 the	Pleistocene,	 at	1.06	Mya	 (95%	HPD:	
2.39–0.12	Mya).	With	a	StarBEAST2	analysis,	 it	was	possible	to	un-
derstand	 that	 cladogenesis	 in	 C. jacobaea	 happened	 at	 0.21	Mya	
(A4,	 Figure	9,	 Table	4)	 and	C. bravensis	 diverged	 from	 it	 at	 roughly	
0.01	Mya	(A5,	Figure	9,	Table	4).
The	clade	containing	C. erinus	(C4,	Figure	8,	Table	3)	have	diverged	
from	 the	 remaining	 Campanula	 species	 about	 25.42	Mya,	 and	 the	
Macaronesian	 clade	 (C5,	 Figure	8,	Table	3)	 diverged	 from	 the	 south	
European	C. erinus	 roughly	at	3.42	Mya	 (95%	HPD:	6.41–1.03	Mya).	
The	 divergence	 between	 this	 group	 and	 T. caeruleum	 (C6,	 Figure	8,	
Table	3)	occurred	in	the	Eocene,	at	45.43	Mya.
More	 recently,	 in	 the	Miocene,	 a	 split	 between	C. peregrina and 
C. lactiflora	from	Musschia	 (M1,	Figure	10,	Table	4)	happened	around	
8.27	Mya	(95%	HPD:	9.28–7.8	Mya).
Cladogenesis	 in	Musschia	 started	 in	 the	middle	of	Pliocene	at	
roughly	 3.4	Mya	 (M2,	 Figure	10,	 Table	4)	 giving	 origin	 to	M. wol-
lastonii.	 Recently,	 in	 the	 Pleistocene,	 divergence	 between	 M. is-
ambertoi and M. aurea	 occurred	 at	 ca.	0.07	Mya	 (M3,	 Figure	10,	
Table	4).	Also,	our	results	estimate	a	divergence	between	M. aurea 
and	 the	 suspicious	 individuals	 from	Madeira	 island	 (the	 putative	
M. angustifolia)	 and	 Deserta	 Grande	 at	 0.01	Mya	 (M4,	 Figure	10,	
Table	4).
Regarding Wahlenbergia,	 the	 divergence	 from	 W. hederacea	 (C8,	
Figure	8,	Table	3)	 started	 in	 the	beginning	of	 the	Oligocene,	 around	
31.38	Mya,	and	the	speciation	of	the	Macaronesian	endemic	W. lobe-
lioides	subsp.	 lobelioides	occurred	in	the	Pleistocene,	at	ca.	0.87	Mya	









Recent	 studies	 conducted	 within	 the	 Campanulaceae	 family	 have	
made	significant	progresses	toward	a	robust	phylogenetic	hypothesis	
of	the	group	(Crowl	et	al.,	2014;	2016).	These	authors	concluded	that	
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family	 is	a	 likely	cause	of	 the	discrepancy	between	 the	nuclear	and	
chloroplast	trees	 (Wendling	et	al.,	2011).	The	significant	quantity	of	
loops	 that	 can	be	 found	 in	 the	NeighborNet	 network	 in	 this	 study,	








Our	 results	 support	 a	 phylogenetically	 close	 relation	 of	Azorina 
clade	 to	 Cape	 Verde	 and	 Mediterranean/African/West	 Asian	
Campanula,	which	is	in	accordance	with	Haberle	et	al.	(2009),	Olesen	
et	al.	 (2012),	 and	 Crowl	 et	al.	 (2014).	 It	 thus	 seems	 that	 A. vidalii,	
C. jacobaea and C. bravensis,	C. mollis,	C. edulis,	 and	Feria angustifolia 
may	share	a	common	ancestor	in	North	Africa.
Variability	between	the	A. vidalii	accessions	collected	in	the	Azores	
was	 detected	 in	 the	 ITS	 region.	 It	 was	 possible	 to	 distinguish	 (ITS	
region)	accessions	of	 three	populations	of	A. vidalii	 from	two	 islands	
of	 the	central	group	 (Terceira	and	Faial).	This	 is	 indicative	that	 there	
are	 ongoing	 evolution	 processes	 happening	 in	A. vidalii	 for	 the	 cen-
tral	group	in	the	Azores.	Furthermore,	the	network	obtained	showed	
a	 single-	island	 endemic	 ribotypes	 (São	 Jorge,	 Western	 Group	 and	
Central	Group),	and	two	others	shared	between	islands	of	the	Central	
and	 the	Eastern	groups.	A	 result	very	 close	 to	 the	one	obtained	by	















ent	distribution	of	A. vidalii	may	have	 resulted	 from	dispersal	 events	
from	the	Central	group	to	the	Eastern	and	Western	groups.
The	 long	 distances	 between	 the	 Macaronesian	 archipelagos	
may	 be	 responsible	 for	 high	 levels	 of	 diversity	 found	 on	 these	
F IGURE  4 NeighborNet	phylogenetic	network	of	the	concatenated	ITS	+	cp	dataset	of	Campanulaceae
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archipelagos,	acting	as	effective	barriers	to	dispersal	and	promoting	
allopatric	speciation	(Schaefer	et	al.,	2011).	However,	within-	island	
diversification	 (i.e.,	 in	A. vidalii)	might	be	due	 to	complex	 topogra-
phies	 and	 long	 eruptive	 episodes	 that	 happened	 on	 these	 islands	
(Borges	Silva	et	al.,	2016;	Brown,	Hoskisson,	Welton,	&	Baez,	2006;	
Dias,	 Moura,	 Schaefer,	 &	 Silva,	 2016;	 Juan,	 Emerson,	 Oromí,	 &	
Hewitt,	2000;	Silva	et	al.,	2015).
Considering	 the	Cape	Verde	diversity,	 two	endemic	 species	 (i.e.,	
Campanula hortelensis and C. feijoana)	were	recently	described	to	Santo	
Antão	 Island;	however,	a	split	 from	C. jacobaea	was	not	clear	 in	 this	
study	and	other	molecular	studies	are	needed	to	clarify	the	diversifi-
cation	of	the	Campanula	species	within	this	archipelago.	Nevertheless,	
there	 seems	 to	 be	 some	variability	within	C. jacobaea,	 namely	 from	
São	Nicolau	and	Santiago	Islands,	as	well	as	an	endemic	haplotype	for	














For	 the	 first	 time,	 a	 phylogenetic	 study	 of	 Campanulaceae	 in-
cluded	a	complete	sampling	of	all	Musschia	species.	A	clear	separation	
F IGURE  5  ITS	networks	for	Azorina 
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on	their	habitat:	coastal	and	 inland,	 respectively.	However,	 the	exis-












Regarding	 the	 native	 species,	 our	 results	 seem	 to	 indicate	 the	
presence	 of	 distinct	 endemic	 groups	 within	 the	 Macaronesian	 ar-










et	al.,	 2012	 and	 Roquet	 et	al.,	 2009),	 Wahlenbergia hederacea	 was	
placed	 related	 within	 the	 Jasione	 clade.	 Eddie	 and	 Cupido	 (2014)	
proposed	 a	 new	 generic	 name	 for	 W. hederacea	 as	 Hesperocodon 
hederaceus	(L.)	Eddie	&	Cupido,	based	on	the	last	molecular	studies	
and	its	main	morphological	characteristics,	which	are	fundamentally	




termediate	 between	 typical	wahlenbergioids	 and	 typical	 campanu-
loids.	However,	our	study,	W. hederacea	is	within	Wahlenbergia	clade,	
being	 sister	 of	 W. lobelioides	 subsp. lobelioides.	 The	 Macaronesian	
endemic	species	may	be	the	missing	link	that	could	provide	the	right	
relationship	 between	W. hederacea	 and	 its	 respective	 clade.	 There	
can	also	be	seen	a	quantity	of	 loops	on	Figure	6	that	report	an	an-
cestral	hybridization	between	W. hederacea and W. lobelioides	subsp.	
lobelioides.
In	 what	 concerns	 the	 Madeiran	 T. caeruleum	 haplotype,	 the	
molecular	 patterns	 detected	 might	 be	 linked	 to	 a	 man-	mediated	
founder	 effect	 (Frankham,	 1997),	 considering	 records	 of	 the	 intro-
duction	of	this	species	in	the	Madeira	island	ca.	1840	(Lowe,	1868).	
The	intensity	of	the	founder	effect	is	related	to	the	number	of	plants	
F IGURE  6  ITS	and	cp	networks	for	










F IGURE  7 Phylogeny	of	Musschia 
genus	with	habit	and	habitat	of	Musschia 
wollastonii,	M. isambertoi,	and	M. aurea



















of	origin.	Regarding	 the	Azorean	T. caeruleum,	 an	 in-	depth	morpho-
logical	 revision	 should	 be	 conducted,	 due	 to	 the	 separate	 group-






able	 sequences.	 However,	 specimens	 collected	 on	 Madeira	 archi-
pelago	 gave	 an	 indication	 of	 the	 position	 of	 this	 species	within	 the	
Campanulaceae	family,	as	sister	to	all	other	analyzed	taxa.






A1 Azorina and Campanula 12.34 14.35 11.38
A2 Cape	Verde	Campanula and 
sister	species
9.56 12.01 7.81
A3 Azorina clade 0.15 0.31 0.08
A4 Campanula jacobaea clade 0.21 0.43 0.12








M2 Musschia wollastonii 3.40 4.82 1.94
M3 Musschia isambertoi and M. 
aurea
0.07 0.18 0.006


































4.2 | Diversification of Campanulaceae in 
Macaronesia



















ity	of	A. vidalii,	C. jacobaea and C. bravensis	with	North	African	species,	
such	as	C. edulis,	C. mollis,	C. kremeri,	C. dichotoma,	and	C. occidentalis,	




colonize	 the	 more	 distant	 islands	 (Fernández-	Palacios	 et	al.,	 2011;	
Olesen	et	al.,	2012),	such	as	the	Azores.
Olesen	 et	al.	 (2012)	 assume	 that	 A. vidalii	 might	 first	 have	 col-
onized	 Santa	 Maria	 based	 in	 the	 divergence	 date	 obtained	 when	
compared	with	the	age	of	the	oldest	 island.	However,	we	think	that	








Regarding	 the	Cape	Verde	Campanula,	Olesen	 et	al.	 (2012)	 esti-
mated	 that	 the	 ancestor	 of	C. jacobaea	 colonized	 the	 islands	 in	 the	
recent	 past	 (1.4	Mya).	 Our	 results,	 which	 include	 for	 the	 first	 time	
C. bravensis,	show	a	more	recent	time	ca.	0.21	Mya.	However,	estima-
tions	of	divergence	times	in	Cape	Verde	are	complex	due	to	taxonomic	
uncertainty	between	C. jacobaea and C. bravensis.









Our	 study	 shows	 that	 speciation	of	Musschia	 clade	happened	 in	
the	Pliocene	(3.40	Mya),	where	an	ancestral	of	M. wollastonii	may	have	
colonized	Madeira,	with	a	later	cladogenesis	resulting	in	the	differen-
tiation	between	M. isambertoi and M. aurea	 (0.07	Mya).	Presently,	M. 
wollastonii	occurs	 in	high	altitudes	 inhabiting	clearings	of	humid	 lau-
rissilva	forest,	providing	refuge	sites	for	this	species.	Speciation	 into	
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threatened	 endemic	 taxa,	 but	 only	 some	 of	 the	 study	 species	were	
assessed	 and	 included	 in	 the	 IUCN	 Red	 List	 of	 Threatened	 Species	
(www.iucnredlist.org).	As	suggested	by	Romeiras,	Catarino,	Filipe,	et	al.	
(2016),	 new	 prioritization	 methods	 should	 consider	 the	 spatial	 and	
intra-	archipelago	genetic	diversity	of	insular	taxa.	Due	to	their	uncer-
tain	status,	most	of	this	study	target	taxa	are	not	currently	protected,	




of	population	numbers	of	 the	common	goat	drove	 this	 taxon	 to	 the	
edge	of	extinction.	Moreover,	Romeiras,	Catarino,	Gomes,	et	al.	(2016)	
proposed	 the	 IUCN	 category	 of	 “Endangered”	 (B1ab(ii,iv)+2ab(ii,iv))	
for	C. bravensis	and	“Vulnerable”	(B1ab(ii)+2ab(ii))	for	C. jacobaea,	and	




order	 to	preserve	 the	Cape	Verdean	Campanulaceae	 (see	 for	details	
Romeiras,	Catarino,	Gomes,	et	al.,	2016).
The	genetic	diversity	 found	within	 the	studied	 taxa	among	the	
archipelagos	 and	 the	 several	 single-	island	 haplotypes	 observed	
must	 be	 considered	 and	 protected.	Although	 there	 is	 a	 clear	 lack	
of	 taxonomic	 revisions	 including	 insular	 taxa	 usually	 considered	
as	 native,	 further	 studies	 in	 population	 genetics	 structure	 and	 re-
productive	biology	should	also	be	conducted,	as	proposed	by	Silva	
et	al.	 (2015)	 in	 a	 holistic	 approach	 to	 conservation	 of	 rare	 island	
plants.	Furthermore,	to	define	better	conservation	strategies	of	the	
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